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FIG. 1a (PRIOR ART) 
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FIG. 2 (PRIOR ART) 
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FIG. 3a 
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FIG. 3b 
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FIG. 3d 
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MULTIMODE LASER DODE AND SIDE 
COUPLED FIBER PACKAGE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to packaging optical fibers and 
more specifically to packaging a multimode laser diode that 
is side-coupled with a double-clad fiber. 

2. Description of the Related Art 
Optical fiber lasers and fiber amplifiers have become 

indispensable components in building optical networks for 
the transmission and amplification of optical Signals. Optical 
amplification is achieved by pumping the fiber's doped core. 
Typically, the pump light is coupled directly into the doped 
core. This requires Single Spatial mode diffraction limited 
laser diodes with an emission aperture of a few microns. 
This proceSS is expensive because of the Sub-micron align 
ment and mechanical Stability required to achieve efficient 
and Stable diode to fiber coupling. A relatively current 
development is the use of double-clad active fibers that 
consist of a Single mode fiber doped core, an inner cladding 
and an outer cladding. The large diameter and numerical 
aperture of the Outer cladding make it possible to efficiently 
couple spatially incoherent emission from high power mul 
timode diodes into the fiber. These broad area laser diodes 
are approximately ten times cheaper than pigtailed Single 
mode laser diodes. 

As shown in FIG.1a, a multimode diode laser 10 includes 
a chip 12 on a submount 14 that emits a laser beam 16 in a 
direction parallel to the diode's mounting Surface 18. AS 
shown in FIGS. 1b and 1c, the laser diode Submount 14 can 
be mounted on a base plate 15 with diode mounting Surface 
18 parallel to the base plate surface 19. In this configuration, 
the laser beam 16 is emitted in a direction parallel to the 
surfaces 18 and 19, corresponding to the Z direction as 
described in FIG.1a. The laser beam 16 can be redirected by 
the use of a 45 mirror 25 or any other reflective surface as 
shown in FIG. 1c. In this case, the laser beam 16 is now 
propagating in the direction Yperpendicular to the base plate 
surface 19. In the configuration shown in FIG. 1d, the chip 
12 can be mounted on the side of a Submount 14, which has 
a chip mounting Surface 18 that is perpendicular to the base 
plate surface 19. The choice of diode configuration will be 
dictated by the application, package size limitations and type 
of coupler. Multimode diode laser 10 suitably comprises 
either a single broad emitting area or an array of Single 
transverse mode laserS. 

Because the active region 20 of chip 12 is more confined 
in the Y direction than in the X direction, the intensity 
distribution of beam 16 is more diffracted in the direction of 
high confinement, leading to an elliptical distribution with 
the Slow axis 22 along the X direction and a fast axis 24 
along the Y direction. When the chip 12 is mounted parallel 
to the base plate surface 19 as shown in FIG.1b, fast axis 24 
is perpendicular to base plate Surface 19 and active region 
20. When mirror 25 is used to redirect the beam as shown in 
FIG. 1c, or when the laser chip is mounted on the end of 
submount 14 as shown in FIG. 1d, fast axis 24 is parallel to 
base plate surface 19. 

Because the thickness of the Semiconductor active region 
20 is much Smaller than its width, focusing along the fast 
axis is easier than along the slow axis. A number of different 
optical Systems have been proposed that use Some combi 
nation of one or more simple lenses, cylindrical lenses, 
microlens arrays, fibers and waveguides to reimage the 
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2 
Sources So as to reduce one of the asymmetries inherent in 
laser bars or multimode laser diodes with broad area emit 
ters. For example, the use of lenses is disclosed in U.S. Pat. 
No. 4,428,647 and the use of fibers in U.S. Pat. No. 
4,763,975. 
The multimode pump can be coupled into the fiber's inner 

cladding in a number of ways. The multimode pump shown 
in FIG. 1b can be “butt' coupled to an open end of the fiber. 
The orientation of the fast-axis is not critical because the 
open end of the fiber is axially symmetric. However, this 
configuration does not provide access to both ends of the 
fiber. The same multimode pump can also be coupled to the 
fiber by using a Special fused fiber coupler which allows 
pump light to be transferred from a multimode fiber into the 
fiber's inner cladding without disturbing the Signal propa 
gating in the core. However, Such fused fiber couplers are 
inefficient, complex and expensive. 

U.S. Pat. No. 5,854,865 to Goldberg teaches forming a 
groove in the side of the double-clad fiber to “side-couple” 
the multimode pump into the fiber. The laser diode is placed 
on the other Side of the fiber So that the pump propagates 
laterally through the fiber and impinges on the Side of the 
groove, which specularly reflects the pump along the hori 
Zontal axis of the fiber confined in the inner cladding. The 
formation of Such grooves is a complex manufacturing 
process that weakens the fibers and requires relative large 
inner cladding diameters, which reduces coupling efficiency. 

Packaging the multimode diodes, couplers and fiberS is 
oftentimes the most challenging aspect of providing a com 
mercially viable fiber laser or fiber amplifier. The package 
must provide (a) Sufficient and cost-effective heat sinking, 
(b) efficiently couple the pump into the fiber, which means, 
in part, orienting the fast-axis parallel to the fiber at the 
coupler when the coupling aperture is not axially Symmetric, 
(c) thermal isolation of the fiber from the diode, and (d) a 
Simple, compact and reliable package. 

International publication WO 01/48878A1 entitled 
“Hybrid Optical Coupling Component” discloses a configu 
ration for packaging a multimode diode laser of the type 
shown in FIG. 1d above with Goldberg's V-groove fiber 
coupler. A fiber 30 formed with the V-groove coupler 32 is 
mounted directly above diode 10 in a glass block 31 so that 
beam 16 emits perpendicular to the plane of the mounting 
surface with its fast-axis 24 oriented parallel to fiber 30. The 
coupling aperture into the fiber is not axially Symmetric So 
proper orientation of the fast-axis is critical to efficient 
coupling. Beam 16 passes through imaging lens 34, propa 
gates laterally through fiber 30 and is reflected off the 
V-groove horizontally along the fiber. This package provides 
adequate but Sub-optimal heat Sinking. The chip 12 is 
mounted flat on end Surface 18 of Sub-mount 14 to maximize 
Surface area but the heat path from the chip 12 to end Surface 
18 of sub-mount 14, and to surface 19 of base plate 15 is not 
Straight. This makes the heat path longer, reducing the 
efficiency of the heat Sinking. Furthermore, The package 
provides poor thermal isolation because fiber 30 is mounted 
directly on top of diode 10. Heat and particularly fluctua 
tions in temperature can change the characteristics of the 
gain fiber. In addition, placement of fiber 30 on top of the 
diode is a delicate and unreliable packaging challenge and 
also increases the package height, which is a critical param 
eter in many applications. 

SUMMARY OF THE INVENTION 

The present invention provides a simple, compact and 
reliable package for optical amplification that provides effi 
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cient coupling of the multimode pump to the double-clad 
fiber, Sufficient heat Sinking and good thermal isolation. 

This is accomplished with a multimode laser diode 
mounted with its active region parallel to a mounting 
Surface. The diode emits a beam parallel to the mounting 
Surface with a fast-axis of the beam perpendicular to the 
diode's active region and the mounting Surface. A beam 
rotator rotates the beam So that the beam's fast-axis is 
oriented parallel to the mounting Surface. A multimode 
diode package of only the diode and rotator may be provided 
for integration with a Side-coupled fiber. 

The beam rotator comprises a pair of reflective Surfaces 
Such as provided by mirrors, a prism or a tilted V-shaped 
mirror that perform a pair of “off-plane bounces” to rotate 
the beam’s fast axis. In an XYZ coordinate system, if the 
diode lies in the XZ-plane and emits the beam along the 
Z-axis with its fast-axis along the Y-axis, the first reflective 
Surface folds the beam along the Y-axis and its fast-axis 
along the Z-axis. The Second reflective Surface folds the 
beam along the X-axis and leaves the fast-axis along the 
Z-axis. The fiber is mounted in the XZ-plane along the 
Z-axis parallel to the fast-axis. 
A pump-coupler package will also include a double-clad 

fiber having a core, an inner cladding and an outer cladding 
is mounted on the mounting Surface adjacent the laser diode 
and substantially parallel to the orientation of the beam's 
fast axis. An imaging lens is placed between the rotator and 
a side-coupler that couples the shaped and properly oriented 
beam into the fibers inner cladding through a Side of the 
fiber. In turn, the beam is coupled into an active portion of 
the double-clad fiber having a doped core to provide optical 
amplification. Suitable Side-couplers include a V-groove or 
a TIR coupler, which can be formed directly on the active 
double-clad fiber or on a passive double-clad fiber connected 
to the active-double clad fiber. The diode laser and rotator 
can be integrated in a single package with the other com 
ponents or provided as a package for integration into a 
Second package. 

These and other features and advantages of the invention 
will be apparent to those skilled in the art from the following 
detailed description of preferred embodiments, taken 
together with the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a through 1d, as described above, are schematic 
diagrams of different multimode chip-on-Submount laser 
diodes, 

FIG. 2, as described above, is a diagram illustrating a 
package for the laser diode shown in FIG. 1d with an optical 
fiber formed with a V-groove side-coupler; 

FIGS. 3a through 3d are diagrams illustrating a multi 
mode diode package; 

FIG. 4 is a diagram illustrating a pump-coupler package 
with a V-groove Side-coupler; 

FIG. 5 is a diagram illustrating a pump-coupler package 
with a TIR side-coupler; and 

FIG. 6 is a detailed diagram of a passive TIR side-coupler. 
DETAILED DESCRIPTION OF THE 

INVENTION 

The present invention provides a package for an optical 
amplification System that includes a multimode diode, a 
beam rotator, fiber having an active portion, and a Side 
coupler. The pump-coupler package includes the diode, 
rotator, Side-coupler, lens and fiber in a Single integrated 
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package. A multimode diode package of only the diode and 
rotator may be provided for integration with a Side-coupled 
fiber. 

The packages provide (a) Sufficient and cost-effective heat 
sinking, (b) efficient coupling the pump into the fiber, which 
means, in part, orienting the fast-axis parallel to the fiber at 
the coupler where the fiber aperture is not axially Symmetric, 
e.g. elliptical, (c) thermal isolation of the fiber from the 
diode, and (d) a simple, compact and reliable package. 
As shown in FIGS. 3a through 3d, a multimode diode 

package 50 includes a multimode laser diode 52 and a beam 
rotator 54 configured so that when package 50 is mounted 
flat on a mounting Surface 56 for effective heat Sinking. 
Multimode laser diode 52 comprises a chip 64 that is 
preferably mounted on a Submount 66 with its active region 
68 parallel to a mounting Surface 56. In this configuration, 
the beam 58 emitted through window 60 of the package and 
the beam's fast-axis 62 are both parallel to the plane of the 
chip's active region and the mounting Surface for effective 
coupling to a Side-coupled double-clad fiber. This Subpack 
age provides effective heat Sinking of the diode, efficient 
coupling to a fiber, thermal isolation from the fiber, and 
Simple, compact and reliable package. Package 50 can be 
hermetic or non-hermetic depending upon the application. 
Beam rotator 54 rotates the beam so that the beams 

fast-axis is oriented parallel to the mounting Surface. Beam 
rotator 54 comprises a pair of reflective surfaces 70 and 72 
such as provided by mirrors 74a and 74b (FIG. 3a), a prism 
76 (FIG. 3b) or a tilted v-shaped mirror 78 (FIG. 3c) that 
perform a pair of “off-plane bounces” to rotate the beams 
fast axis. The angle between the reflective surfaces should be 
60 degrees. This is found by taking the inner product of the 
Surface normal vectors between the two Surfaces (0,1/V2,- 
1/V2) (1/V2,-1/V2.0), which gives -%, indicating the angle 
between the two Surface normal vectorS is 120 degrees, and 
the angle between the Surfaces is 60 degrees. 

In an XYZ coordinate system, if the diode 52 lies in the 
XZ-plane and emits the beam 58 along the Z-axis with its 
fast-axis 62 along the Y-axis, the first reflective surface 70 
folds the beam, which is 45 to the reflective surface normal, 
along the Y-axis and its fast-axis, which is parallel to the 
plane of incidence, along the Z-axis. The Second reflective 
surface 72 folds the beam, which is 45 to the reflective 
Surface normal, along the X-axis and leaves the fast-axis, 
which is perpendicular to the plane of incidence, along the 
Z-axis. The different Surface configurations function in the 
Same manner, the only difference being the ease and cost of 
manufacture and packaging. A pair of mirrors requires 
precise alignment and packaging. The prism is easier to 
package but harder to manufacturer as each one has to be 
fabricated separately. The V-shaped mirror can be drawn like 
a fiber and then diced, which is much cheaper and easier to 
package. 

In another embodiment, package 51 also contains a first 
collimating lens 77 and a second imaging lens 79 as shown 
in FIG. 3d. The inclusion of the collimating lens 77 and 
imaging lens 79 eliminates the requirement of lens outside 
the multimode diode package. 
As a result, multimode diode packages 50 and 51 when 

mounted flat on a mounting Surface emits a beam that is 
parallel to the mounting Surface with a fast-axis parallel to 
the mounting Surface. AS Such packages 50 and 51 are well 
Suited for integration with Side-coupled optical fibers 
mounted on the mounting Surface for applications Such as 
fiber lasers or fiber amplifiers. When the pump beam is 
coupled from the side of the fiber via a V-groove or TIR 
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coupler the aperture imaged by the beam is not axially 
Symmetric. As a result, to achieve high coupling efficiency 
it is critical that the incident beam be well collimated. The 
nature of the multimode diode is such that the beam is only 
well collimated in its fast-axis, hence the beam's fast-axis 
must be parallel to the fiber, which requires that it first be 
parallel to the mounting Surface. 
As shown in FIGS. 4 and 5, a double-clad fiber 100 

having a core, an inner cladding and an Outer cladding is 
mounted in the XZ-plane along the Z-axis adjacent multi 
mode diode package 81. An imaging lens 98 shapes the 
beam 92, which has been rotated So that its fast-axis is 
parallel to the mounting surface and fiber 100, into a 
side-coupler 108 that couples the shaped and properly 
oriented beam into the fiber's inner cladding through a side 
of the fiber. In turn, the beam is coupled into an active 
portion of the double-clad fiber having a doped core to 
provide optical amplification. The fiber 100 and side-coupler 
108 are mounted on block 90. The fiber can be a conven 
tional Silica fiber or a specialty glass fiber Such as phosphate 
glass. Suitable side-couplers 108 include a V-groove as 
shown in FIG. 4 or a TIR coupler as shown in FIG. 5, which 
can be formed directly on the active double-clad fiber or on 
a passive double-clad fiber connected to the active-double 
clad fiber (see FIG. 6). When package 81 also includes a 
collimating lens and an imaging lens, lens 98 in package 80 
is not required. AS shown, multimode diode packageS 81 and 
122 of the type described in FIGS. 3a–3d the integrated with 
the other components inside a Second package 80 and 120, 
respectively. Alternately, all of the components could be 
integrated into a single package. The choice will be dictated 
by size, cost, packaging requirements and availability of 
packaged diodes. 
As will be appreciated by those skilled in the art, the 

described package presents a simple optical configuration 
designed to optimize coupling efficiency of the beam into the 
double-clad fiber. Without departing from the scope of the 
invention, one of ordinary skill in the art could employ one 
or more turning mirrors if So desired to redirect the path of 
the beam emitted by the multimode diode package. This may 
be desirable to reorient the fiber on the mounting Surface for 
packaging reasons. Furthermore, one of ordinary skill in the 
art could design the beam rotator to provide Sub-optimal 
coupling efficiency by configuring the reflecting Surface to 
provide reflections other than 90 degrees so that the fast-axis 
is not exactly parallel to the fiber. 
AS shown in FIG. 4, a pump-coupler package 80 includes 

a multimode diode package 81 that houses a multimode laser 
diode and a beam rotator. The beam 92 is emitted through a 
window 97 formed in package 81 with its fast-axis 94 
parallel to the mounting Surface. An imaging lens 98 shapes 
the beam So that it propagates laterally through a double 
clad fiber 100 with its fast-axis parallel to the fiber. The 
beam impinges on the side of a V-groove 108 formed in the 
outer cladding of fiber 100, which presents a non-axially 
Symmetric, e.g. elliptical, aperture to the beam. V-groove 
108 specularly reflects the beam along the horizontal axis of 
the fiber confined in the inner cladding. In turn, the beam is 
coupled into an active portion of the double-clad fiber 
having a doped core to provide optical amplification. The 
entire fiber 100 may have a doped core or, alternately, the 
portion of the fiber where coupling occurs may have an 
undoped core to reduce noise. 

Pump-coupler package 80 may form either a hermetic or 
non-hermetic Seal around the optical components and has at 
least one port 114 through which at least one end of fiber 100 
extends. For example, multimode diode package 81 may 
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6 
provide the required hermetic Seal to protect the diode So 
that package 80 can be a cheaper non-hermetic package. 
When configured as a fiber amplifier, the fiber will extend 
through ports on either end of the package. When configured 
as a fiber laser, the fiber may extend through only one Such 
port. 
AS shown in FIG. 5, a pump-coupler package 120 

includes a multimode laser diode 122 that houses a multi 
mode laser and a beam rotator. A double-clad fiber 140 
having a core, an inner cladding and an outer cladding is 
mounted on a glass block 90 adjacent multimode diode 
package 122. A Total Internal Reflection (TIR) coupler 148 
is formed on a flat surface of the inner cladding of fiber 140. 
The reflection of a beam into the fiber presents a non-axially 
Symmetric, e.g. elliptical, aperture to the beam. Accordingly, 
the beam rotator rotates beam 132, which is emitted through 
a window 133 formed in package 122, with its fast-axis 135 
parallel to the mounting Surface and fiber 140. An imaging 
lens 138 shapes the properly oriented beam 132 so that it 
enters TIR coupler 148, which couples the beam into and 
along the horizontal axis of the fiber confined in the inner 
cladding. In turn, the beam is coupled into an active portion 
of the double-clad fiber having a doped core to provide 
optical amplification. The entire fiber 140 may have a doped 
core or, alternately, the portion of the fiber where coupling 
occurs may have an undoped core to reduce noise (see FIG. 
6 below). 

Pump-coupler package 120 may form either a hermetic or 
non-hermetic Seal around the optical components and has at 
least one port 124 through which at least one end of fiber 140 
extends. For example, multimode diode package 122 may 
provide the required hermetic Seal to protect the diode So 
that package 120 can be a cheaper non-hermetic package. 
When configured as a fiber amplifier, the fiber will extend 
through ports on either end of the package. When configured 
as a fiber laser, the fiber may extend through only one Such 
port. When package 122 also includes a collimating lens and 
an imaging lens, lens 138 in package 120 is not required. 
The TIR coupler 148 is compact and can provide coupling 

efficiencies exceeding 90%. As described in co-pending U.S. 
patent application Ser. No. 09/943,257 entitled “Total Inter 
nal Reflection (TIR) Coupler and Method for Side-Coupling 
Pump Light into a Fiber', which is hereby incorporated by 
reference, efficient coupling is accomplished by bonding a 
TIR coupler in optical contact to the fiber's inner cladding; 
either the active or passive double-clad fiber. The inner 
cladding, which Surrounds a core, has at least one flat Surface 
and is transparent to the pump wavelength. The diode laser 
directs light into the TIR coupler from either the front or 
backside of the fiber, which is mounted on a Substrate. The 
beam is preferably oriented substantially normal to the fiber 
to Simplify packaging, facilitate the use of a multimode 
pump and Simplify the design of any anti-reflection (AR) 
coatings. 
The TIR coupler has an angle of taper C. and a length L 

Such the principal ray of the pump light is reflected at an 
angle that satisfies the total internal reflection (TIR) condi 
tion at the coupler's reflecting Surface, and input and output 
coupling conditions, to efficiently “fold” the light into the 
fiber and satisfies the TIR condition inside the fiber to 
“guide” the light down the fiber's inner cladding. The angle 
of incidence is preferably such that substantially all of the 
pump light (principal and marginal rays) Satisfies the TIR 
condition. The pump light is preferably focused to obtain 
Such high coupling efficiencies and to confine the light 
within a narrow cladding, which produces higher power 
density. 
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As shown in FIG. 6, a “passive coupler' includes a TIR 
coupler 166 mounted on passive double-clad fiber 170, 
which is optically coupled to an active double-clad fiber 171. 
Double-clad fiber 170 comprises an undoped core 174, an 
inner cladding 176 and a partial outer cladding 178 and is 
mounted on a mounting surface 180. Active fiber 171 
comprises a doped core 182, an inner cladding 184 and an 
outer cladding 186 and is also mounted on mounting Surface 
180. TIR coupler 166 is bonded in optical contact to a flat 
surface 188 on the passive fiber's inner cladding 176 
towards an I/O port for receiving the incident beam for 
length L. 
TIR coupler 166 has a reflecting surface 190 that forms an 

exterior angle of taper C. with respect to surface 188. In this 
example, and as will typically be the case, the cores and 
inner claddings of the passive and active fibers are Substan 
tially matched in both refractive indeX and cross-section. 
Multimode laser diode 112, rotator 136 and lens 138 are 
positioned on the front side of mounting surface 180 so that 
a pump beam 132 having finite width d is substantially 
normal to the fiber with its fast-axis 134 substantially 
parallel to the fiber. Pump beam 132 passes through AR 
coating 194, reflects off surface 190 and is folded into 
passive fiber 170, which in turn guides the pump light into 
active fiber 171 thereby exciting the entire length of doped 
core 182 in the active fiber. Assuming a substantially colli 
mated beam and index-matched fibers, the constraint equa 
tions for the passive coupler shown in FIG. 6 are given by: 

7 - 6; 1 
> acS. 

2 coupler 

flexit ) 

(1) 

(2) 6 a arcsin, ficiad 
(DI+ df2) (D-df2) 

- < L < - 
cost; 

(3) 
+2Wtané. cost; 

d=2W tan 0 cos 0, (4) 

where 

n is the refractive index of the coupler and the 
Surrounding media is air; 

n is the refractive index of the fibers inner cladding, 
n is the refractive index of the active fiber's outer 

cladding; 
W is the diameter of the active fiber's inner cladding; 
D is the lateral distance from the starting point of the 
taper to the point where the beam of pump light Strikes 
the reflecting Surface as projected onto the fiber where 

is the absolute value operation; 
d is the maximum beam diameter for d, 
0 is the angle of incidence at the coupler-fiber interface 

and is dictated by the geometry of the taper and the 
angle of incidence 0 at the air-coupler interface; 

is the angle of incidence of the pump light with 
respect to the reflecting Surface, e.g. the angle measured 
from the normal to the reflecting Surface to principal 
ray of the incident light, 0 is equal to (1-0)/2 for a 
pump Source that is oriented normal to the fiber; and 

0, is the launch angle of the pump light into the fiber, 
which in many cases where the coupler and inner 
cladding are index matched, the launch and incidence 
angles at the coupler-fiber interface are the Same. 

While several illustrative embodiments of the invention 
have been shown and described, numerous variations and 
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8 
alternate embodiments will occur to those skilled in the art. 
Such variations and alternate embodiments are 
contemplated, and can be made without departing from the 
Spirit and Scope of the invention as defined in the appended 
claims. 

I claim: 
1. A multimode diode package, comprising: 
A multimode laser diode having an active region, Said 

diode emitting a beam parallel to its active region with 
a fast-axis of the beam perpendicular to the active 
region; and 

Abeam rotator that rotates the beam So that the beam and 
its fast-axis are oriented Substantially parallel to the 
active region. 

2. A multimode diode package of claim 1, wherein the 
multimode laser diode comprises, 
A Submount having a top Surface, and 
A chip including the active region mounted on the Sub 
mounts top Surface and emitting the beam parallel to 
that top Surface. 

3. A multimode diode package of claim 1, wherein the 
multimode laser diode comprises, 
A Submount having a top Surface and an end Surface, and 
A chip including the active region mounted on the Sub 

mount's end Surface and emitting the beam perpen 
dicular to that top Surface, and 

Further comprising a turning mirror that folds the beam So 
that it is emitted parallel to the top Surface. 

4. A multimode diode package of claim 1, wherein the 
beam rotator comprises first and Second reflective Surfaces 
that perform a pair of “off-plane bounces” to rotate the beam 
So that the beam and its fast-axis are oriented Substantially 
parallel to the active region. 

5. A multimode diode package of claim 4, wherein in an 
XYZ coordinate system, if the diode's active region lies in 
the XZ-plane and emits the beam along the Z-axis with its 
fast-axis along the Y-axis, the first reflective surface folds the 
beam along the Y-axis and its fast-axis along the Z-axis and 
the Second reflective Surface folds the beam along the X-axis 
and leaves the fast-axis along the Z-axis. 

6. A multimode diode package of claim 5, wherein Said 
first and Second reflective Surface form an angle of approxi 
mately 60 to each other. 

7. A multimode diode package of claim 5, wherein the first 
and Second reflective Surface are provided from a pair of 
mirrors, a prism or a tilted V-groove mirror. 

8. A multimode diode package of claim 1, further com 
prising; 
A package that houses the multimode laser diode and the 
beam rotator, and 

A window formed in the package through which the beam 
is emitted. 

9. A pump-coupler package for providing optical 
amplification, comprising: 
A multimode laser diode mounted with its active region 

parallel to a mounting Surface, Said diode emitting a 
beam parallel to the mounting Surface with a fast-axis 
of the beam perpendicular to the mounting Surface; 

A double-clad fiber having a core, an inner cladding and 
an outer cladding, Said fiber being mounted on the 
mounting Surface adjacent the laser diode; 

A beam rotator that rotates the beam so that the beam's 
fast-axis is oriented Substantially parallel to the mount 
ing Surface and the fiber; 

A lens that shapes the beam; and 
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A Side-coupler that couples the shaped and properly 
oriented beam into the fiber's inner cladding through a 
side of the fiber, which in turn couples the beam into an 
active portion of the double-clad fiber having a doped 
COC. 

10. A pump-coupler package of claim 9, wherein the 
multimode laser diode comprises, 
A Submount having a top Surface, and 
A chip including the active region mounted on the Sub 

mount's top Surface and emitting the beam parallel to 
the mounting Surface. 

11. A pump-coupler package of claim 9, wherein the 
multimode laser diode comprises, 
A Submount having an end Surface, and 
A chip including the active region mounted on the Sub 

mount's end Surface and emitting the beam perpen 
dicular to the mounting Surface, and 

Further comprising a turning mirror that folds the beam So 
that it is emitted parallel to the mounting Surface. 

12. A pump-coupler package of claim 9, wherein the beam 
rotator comprises first and Second reflective Surfaces that 
perform a pair of “off-plane bounces” to rotate the beam so 
that the beam and its fast-axis are oriented Substantially 
parallel to the active region. 

13. A pump-coupler package of claim 12, wherein the 
mounting Surface lies in the XZ-plane in an XYZ coordinate 
System an the diode emits the beam along the Z-axis with its 
fast-axis along the Y-axis, the first reflective surface folds the 
beam along the Y-axis and its fast-axis along the Z-axis and 
the Second reflective Surface folds the beam along the X-axis 
and leaves the fast-axis along the Z-axis. 

14. A pump-coupler package of claim 13, wherein Said 
first and Second reflective Surface form an angle of approxi 
mately 60 to each other. 

15. A pump-coupler package of claim 13, wherein the first 
and Second reflective Surface are provided from a pair of 
mirrors, a prism or a tilted V-groove mirror. 

16. A pump-coupler package of claim 9, further compris 
Ing, 
A diode package that houses the multimode laser diode 

and the beam rotator, 
A window formed in the diode package through which the 
beam is emitted to the lens, and 

A pump-coupler package that houses the diode package, 
the lens, the Side coupler and the double-clad fiber, Said 
pump-coupler packaging having at least one port 
formed therein through which at least one end of the 
double-clad fiber extends. 

17. A pump-coupler package of claim 9, further compris 
Ing, 
A pump-coupler package that houses the diode, beam 

rotator, lens, Side coupler and double-clad fiber, Said 
pump-coupler packaging having at least one port 
formed therein through which at least one end of the 
double-clad fiber extends. 

18. A pump-coupler package of claim 9, wherein the 
double-clad fiber presents an elliptical aperture to the beam 
at the Side-coupler. 

19. A pump-coupler package of claim 18, wherein the 
Side-coupler comprises a V-groove formed in the fiber's 
outer cladding. 

20. A pump-coupler package of claim 18, wherein the 
double-clad fibers inner cladding has a flat Surface, Said 
side-coupler comprising a Total Internal Reflection (TIR) 
coupler mounted on the flat surface of the fiber's inner 
cladding. 
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21. The pump-coupler package of claim 20, wherein the 

TIR coupler is in optical contact with the inner claddings 
flat Surface towards an I/O port for receiving the incident 
beam for a length L and having a reflecting Surface that 
forms an angle of taper C. With Said inner cladding, Said TIR 
coupler being effective to reflect the beam at a preselected 
angle of incidence 0 inc for the principal ray and Satisfy a 
TIR condition at its reflecting surface for folding the beam 
into the double-clad fiber, wherein Said beam also Satisfies a 
TIR condition for guiding the beam inside the inner clad 
ding. 

22. The pump-coupler package of claim 21, the beam is 
oriented Substantially normal to the waveguide So that the 
angle of incidence 0 at the reflecting Surface is Substan 
tially equal to the angle of taper C. 

23. The pump-coupler of claim 22, wherein Said inner 
cladding has a diameter W, Said beam has a beam width d, 
the refractive indices of the TIR coupler, the inner cladding 
and an outer cladding are note, net, and next 
respectively, and Said beam is incident on the reflecting 
Surface a distance D from the Starting point of the taper as 
projected onto the fiber, Said folding and guiding TIR 
conditions and Said input and output coupling conditions 
being as follows: 

Clarc sin(1/n (1) 

(2) 

(3) 

(4) 

(5) 

coupler) 

d-2W tan(0, )cos(0) 

where 0, is an angle of incidence of the beam at the interface 
of the TIR coupler and inner cladding and 0, is a launch 
angle of the beam into the fiber. 

24. The amplifier of claim 20, wherein said double-clad 
fiber includes a passive double-clad fiber having an undoped 
core Surrounded by the inner cladding, which is optically 
coupled to an active double-clad fiber having a doped core 
Surrounded by the inner cladding, Said TIR coupler being 
mounted on said passive double-clad fiber to fold the beam 
into Said passive fiber and guide the beam through and excite 
the entire length of the doped core in the active fiber. 

25. A pump-coupler package of claim 18, wherein the 
Side-coupler couples the beam directly into the active por 
tion of the double-clad fiber having the doped core. 

26. A pump-coupler package of claim 18, wherein the 
Side-coupler couples the beam into a passive portion of the 
double-clad fiber having an undoped core. 

27. A pump-coupler package for providing optical 
amplification, comprising: 
A multimode laser diode including a chip mounted on a 

Submount with the chip's active region parallel to a 
mounting Surface, Said chip emitting a beam parallel to 
the mounting Surface with a fast-axis of the beam 
perpendicular to the mounting Surface; 

A passive double-clad fiber having an undoped core, an 
inner cladding and an outer cladding, a portion of the 
inner cladding having an exposed flat Surface and 
mounted on the mounting Surface adjacent the laser 
diode; 

A beam rotator that rotates the beam so that the beam's 
fast-axis is oriented Substantially parallel to the mount 
ing Surface and the fibers, 

A lens that shapes the beam; and 
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A Total Internal Reflection (TIR) coupler mounted on the 
flat Surface of the passive fiber's inner cladding that 
couples the shaped and properly oriented beam into the 
passive fibers inner cladding through a Side of the 
fiber, which in turn couples the beam into the active 
fiber. 

28. A pump-coupler package of claim 27, wherein the 
beam rotator comprises first and Second reflective Surfaces 
that perform a pair of “off-plane bounces” to rotate the beam 
So that the beam and its fast-axis are oriented Substantially 
parallel to the active region. 

29. A pump-coupler package of claim 28, wherein the 
mounting Surface lies in the XZ-plane in an XYZ coordinate 
System an the diode emits the beam along the Z-axis with its 
fast-axis along the Y-axis, the first reflective surface folds the 
beam along the Y-axis and its fast-axis along the Z-axis and 
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the Second reflective Surface folds the beam along the X-axis 
and leaves the fast-axis along the Z-axis. 

30. The pump-coupler package of claim 27, wherein the 
TIR coupler is in optical contact with the inner claddings 
flat Surface towards an I/O port for receiving the incident 
beam for a length L and having a reflecting Surface that 
forms an angle of taper C. With Said inner cladding, Said TIR 
coupler being effective to reflect the beam at a preselected 
angle of incidence Oinc for the principal ray and Satisfy a 
TIR condition at its reflecting surface for folding the beam 
into the double-clad fiber, wherein Said beam also Satisfies a 
TIR condition for guiding the beam inside the inner clad 
ding. 


